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Mathematics — Educator Guide
Estimation, Sampling, and 
Beyond
Students use various mathematical skills in the context of examining an 
ISS EarthKAM image (ISS004.ESC1.039221557) of farm land in Texas 
and New Mexico. They randomly select a sam ple region of the image, 
count the num ber of fi elds in that region, and then estimate how many 
fi elds are in the entire image. They check how reasonable their estimate 
is, compare estimates, discuss dif fer enc es in es ti mates, and repeat the 
process.
They then calculate the size of the farm fi elds. They es ti mate the aver-
age size using the size of the image and their estimated number of fi elds 
in the image.  They measure the fi elds and use area for mu las for rect-
angles and circles. They compare the results and con sid er the causes 
and effects of the differences.
They prepare a piece that visually and mathematically summarizes at 
least one aspect of what they have done.
Materials/Resources:
•    For each team, make copies of Student Handouts 1 and 2.
•    For each team, make printouts of Student Handout 3: Image with 
Grid. (Photocopies are not clear enough; color printouts are prefer-
able as they make counting easier.)
•    Prepare slips of paper with the coordinates: 1A, 1B, 1C, 1D, 1E, 1F, 
2A, 2B, 2C, 2D, 2E, 2F, 3A, 3B, 3C, 3D, 3E, 3F, 4A, 4B, 4C, 4D, 4E, 
and 4F. Place them in a container, such as a hat.
•    Optional: Arrange for students to have access to calculators.
Time: 2-3 (50 minute) periods
Level: Intermediate
Recommended Procedures:
Beginning the Activity
1.  Have students examine the Image with Grid and discuss what they 
see.
• The image is almost completely covered by agriculture, including 
many circular fi elds, the result of pivot irrigation.
STANDARDS
Mathematics
Number and Operations
• Understand numbers, ways of 
representing numbers, relation-
ships among numbers, and 
number systems 
• Compute fl uently and make 
reasonable estimates 
Geometry
• Use visualization, spatial rea-
soning, and geometric model-
ing to solve problems 
Measurement
• Understand measureable 
attributes of objects and the 
units, systems, and processes 
of measurement
• Apply appropriate techniques, 
tools, and formulas to deter-
mine measurements
Data Analysis and Probability
• Formulate questions that can 
be addressed with data and 
collect, organize, and display 
relevant data to answer them 
• Develop and evaluate infer-
ences and predictions that are 
based on data 
Problem Solving
Reasoning and Proof
Communication
Connections
Representation
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• The grid, which divides the image into 24 regions, is added..
2.  Allow the students to discuss the following questions:
• How much of the image do they think is covered by fi elds?
• How many circular fi elds do they think are in the image?
Developing the Activity
3.  Have students read Student Handout 1: Estimate, Using Sampling 
and complete Student Handout 2: How Many and What Size?
• Have each team select a slip of paper from the container you 
prepared earlier.
IMPORTANT: The slip should be replaced in the container and all 
of the slips mixed before the next team selects a slip.
• Discuss the importance of randomness to sampling.
• Have the students compare and discuss their results with others.
• Consider creating tables in front of the class that summarize the 
results of the teams.
Concluding the Activity
4.  Have your students prepare a two page display on either part of Stu-
dent Handout 2: How Many and What Size?
• There should be relatively few words on this display, with empha-
sis being placed on (a) the process and (b) comparing different 
results.
5.  Have your students develop new ideas on what other estimates or 
calculations they can make to help them explore the image.
Extending the Activity
6.  Challenge your students to identify other images which can be ex-
plored using sampling and estimation.
7.  Challenge them to apply similar sampling, estimation, and calculation 
techniques in other contexts, such as candy colors, blades of grass 
on their athletic fi eld, and fl oor tiles in their school.
Background: About the Image
ISS004.ESC1.039221557 is an ISS EarthKAM image, taken February 8, 
2002 by students participating in an ISS EarthKAM mission. The image 
shows farmland in Texas and New Mexico, at 33.9˚ North, 102.9˚ West. 
The dimensions of the image are 60.1 km by 39.9 km.
The circular farm fi elds are the result of pivot irrigation. In pivot irrigation, 
a long watering arm rotates around a central point to water the fi eld. 
Pivot irrigation draws all its water from a single, central point — the point 
around which the watering arm rotates. As a result, pivot irrigation is 
a good way of watering fi elds using groundwater. The groundwater is 
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Mathematics — Student Handout 1
Estimate, Using Sampling
A sample is a part — a part that can be examined to gather in for ma tion 
about the whole. For example, say you have a bag of candies and you 
want to fi nd out how many candies there are of each color. If the bag is 
small, you can sort and count all the candies; there are 7 blue, 12 green, 
13 yellow, 10 red, and 7 brown candies in the bag. How ev er, if the bag is 
bigger, counting all the candies may be dif fi  cult or even im pos si ble. This 
is when you es ti mate, using a sample. In stead of sorting and counting 
all the candies, you select a random sample and then extend this to the 
whole; 13 of the 100 sampled candies were blue and the entire bag holds 
1,000 candies, so there must be ap prox i mate ly 130 blue can dies in the 
bag.
To estimate, using a sample, use the following steps:
1.  Identify what you are trying to fi nd out. For example, how many blue 
candies are there in a large bag of candies?
2.  Decide upon a sample size — the size of the part you will ex am ine. 
This part needs to be small enough to be manageable, but large 
enough to tell you about the whole. For example, to fi gure out the 
colors in a 1,000-pieces candy bag, select a sample size of 100. You 
donʼt want to sort and count only 10 pieces, but you also donʼt want to 
sort and count 500 pieces.
3.  Select the sample — the actual units that make up the part you will 
examine. For a random sample, these units must be selected ran-
domly, with each unit having the same chance of being picked. For 
example, to select a random sample from the bag of candy, make 
sure all the candies are well mixed and then pull 100 pieces from the 
bag without looking at them.
4.  Examine the units in the sample. For example, sort the 100 can dies 
by color and then count how many you have of each color.
5.  Determine the size of the sample relative to the whole. For ex am ple, 
the bag contains 1,000 candies and your sample con tains 100 
candies; therefore, your sample is 1/10th (10%) of the whole (100 
candies/1000 candies = 1/10th), so each candy in the sample rep re -
sents 10 candies in the bag.
6.  Calculate your answer — an estimation of what you are trying to fi nd 
out. For example, if each candy in the sample rep re sents 10 candies 
in the bag, and there were 13 blue candies in the sample, then there 
are approximately 130 blue candies in the bag!
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Mathematics — Student Handout 2
How Many and What Size?
Part 1: How Many Circular Fields are in the Image?
1.  How many circular fields do you think there are in the image? Record 
your best guess.
2.  Select a sample region to be examined:
• Pull a slip from a container; this slip will list the number of one of 
the 24 regions of the image.
• Replace your slip in the container. Each team needs an equal 
chance of selecting any region.
• Use that number to locate the region you will sample.
3.  Carefully count all the circular fields that fall within or mostly within 
your sample region.
• For each field that is only partly in your 3 cm x 3 cm square, you 
will need to decide whether to count it or not.
• Record your count.
4.  Calculate an estimate of the number of fields in the entire image.
• Multiply the number of fields in your sample region by 24, the total 
number of sample regions.
• Record your result.
• Do you think your result is reasonable? Why or why not?
5.  Compare your estimate with others in the class.
• How much do the calculated estimates vary?
• What do you think causes these differences?
6.  Select another sample region to be examined.
7.  Carefully count all the circular fields that fall within or mostly within 
this second sample region.
8.  Calculate another estimate of the number of fields in the entire image.
• Multiply the number of fields in your second sample region by 24, 
the total number of sample regions.
• Record your result.
• Add the number of fields in your first sample region to the number 
in your second.
• Divide your sum by 2, and then multiply this by 24.
• Record your result.
Guessed number of circular 
fields in image:
_________________________
Number of circular fields in your 
sample region:
________________________
Estimate 1 of the number of 
fields in the image:
_________________________
Number of circular fields in 
second sample region:
_________________________
Estimate 2 of the number of 
fields in the image:
_________________________
Estimate 3 of the number of 
fields in the image:
_________________________
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9. Compare and discuss your results.
•  How much do your three estimates vary?
• Which do you think is the most accurate? Why?
• How do your estimates compare to others in the class?
• How accurate do you think the estimates are?
• Do you think that counting all the fi elds in the image would be more 
accurate?
• What are some of the advantages and disadvantages of sampling 
and estimating?
Part 2: What Size are the Agriculture Fields?
1.  What size is a circular fi eld in the image? Record your best guess.
2.  Calculate the average size of a circular fi eld:
• Calculate the area of the image, which has dimensions 60.1 km by 
39.9 km.
• Select the estimated number of fi elds from Part 1 that you think is 
most accurate.
• Divide the area of the image by the estimated number of fi elds.
• Record your result. (Remember units!)
3.  Compare and discuss your results with others.
• How different are the various results?
• What factors do you think affected these results?
• How accurate do you think these results are?
4.  Calculate the size of a fi eld using the area formula:
• Use the scalebar to measure the diameter of one of the circular 
fi elds.
• Divide that radius in half to get the radius of the fi eld.
• Multiply out the equation: pi (radius)2..
• Record your result. (Remember units!)
5.  Compare your own results.
• How do your two area results compare?
• What factors do you think affected the accuracy of each?
6.  Compare and discuss your results with others.
• How different are the various results?
• What factors do you think affected these results?
• How accurate do you think these results are?
• What purpose is served by using both methods?
Guessed size of one of the 
circular fi elds in image:
_________________________
Average area of a circular fi eld:
_________________________
Area of a specifi c circular fi eld:
_________________________
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Communication
7. Create a two page, visual display of either Part 1 or 2.
• What question were you trying to answer?
• What two methods of answering that question were addressed? 
Explain them.
• What were your results, and how did they compare to the results 
of others in the class?
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